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 Background: This study is conducted to assess the hazard and risk of different 

sterilizer technology. Objective: The aim of this study was to compare the hazards 

posed by each sterilizer and their risk analysis. Results: The results highlighted that the 
highest percentage of hazards; Horizontal Sterilizer in Felcra Nasaruddin (25%), in 

Felda Sungai Tengi (27.5%). Vertical Sterilizer (19.2%), Compact Modular Continuous 

(CMC) (15%) and continuous sterilizer (CS) (13.3%). In terms of risk, majority of 
sterilizers have low risk rating, followed by medium and high risk categories the lowest. 

Conclusion: Based on the HIRARC assessment done, CS is generally the safer 

technology in term of hazards followed by CMC, vertical and horizontal sterilizer. 
Majority of the hazard falls into low risk, and then followed in the second place which 

was medium, and less hazards were grouped into high risk. 
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INTRODUCTION 

 

 Pressure vessel are air-tight containers used mostly in process industry, refinery and petrochemical plant to 

carry or hold liquid, gases or process fluids [7]. In the Palm Oil Industry, it is widely used in processing the 

palm oil, such as cooking Fresh Fruit Bunch in sterilization process and generate steam from boiler. Sterilization 

is one of the key processes in any palm oil mill. Fresh fruit bunches (FFB) are cooked using steam as the heating 

medium. A lot of steam are used in the sterilization process, consuming about thirty (30%) to sixty (60%) 

percent of the total process steam. This is also affected by the type of sterilizer technology used and the 

sterilization pattern of single-peak, double-peak or triple-peak cycles utilized [1]. This paper will discuss 

sterilizer in brief, their hazards and risk exposed by workers. This will covers; Horizontal Sterilizer (HV), 

Vertical Sterilizer (VS), Compact Modular Continuous (CMC) and Continuous Sterilizer (CS). 

 Sterilizer is one of the dangerous work area since past history of Malaysian palm oil mills have shown few 

cases of sterilizer explosions have occurred in Malaysia [4]. One case had happened where the accident has 

killed four workers and caused damage to a sterilizer and building structure [3].  

 

 
 

Fig. 1: A Horizontal Sterilizer. 
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 This conventional horizontal sterilizer is the most commonly used sterilizer in palm oil mills operated in 

single-peak, double-peak or triple-peak cycles as batch process. When disposed in a horizontal position, the 

cylindrical vessel sterilizer has a fairly good disposition because the oil palm fresh fruit bunches placed in cages 

with a low stacking height are more uniformly spread out in this position across the length of the elongated 

vessel, as opposed to a vertical sterilizer. Thus, when pressurized steam is injected into the interior of the 

horizontally positioned cylindrical vessel, the steam can reach out to different directions and corners of the 

contents within the cages thereby helping treatment of the fruit bunches. Due to the low stacking height of the 

fruit bunches in the cages, condensate drains out freely from the fruit bunch stack facilitating heat penetration 

[1]. 

 This old technology posed a lot of hazards especially to the workers. The use of cages for instance, require 

more efforts and human constraint in cooking the FFB. In order to move the cages, prime movers are used to 

push and pull from horizontal sterilizer.  

 

 
 

Fig. 2: A Vertical Sterilizer.  

 

 Vertical sterilizers are available in several variations where fruit bunches are placed directly into a vertical 

vessel without steel cages. They operate at 4 bar abs steam pressure in single-peak, double-peak or triple-peak 

cycles as batch process. The vertical sterilizer is considered for use in palm oil mills where space saving is 

important. However, due to considerable stacking height and resulting fruit bunch compression in the vertical 

vessel, air removal and condensate drainage from the fruit bunch stack is restricted and this impedes heat 

penetration. The design requires higher steam pressure with multiple-peak cycles and a longer sterilization time 

for effective heat treatment of the fruit bunches resulting in higher steam consumption. The vertical sterilizers 

use steam at a pressure of 4 bar abs with steam consumption between 305 and 355 kg / tonne FFB and a 

sterilization time of about 60 minutes in triple-peak cycles [1]. 

 

 
 

Fig. 3: Compact Modular Continuous (CMC). 

 

 CMC systems derived the cage movement from earlier generation Indexing system. Indexer movement is 

based on twin cage.  As the building footprint is small, thus this is compact, modular, continuous run material 

handling system for the sterilization process to perform synchronization and control of flow of FFB from 

loading ramp to sterilizer station and  then to threshing and press station. This leads to significant improvement 

in productivity and enhanced throughput. A platform on top of the sterilization process with a good view of the 

production area [5]. 
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Fig. 4: Continuous Sterilizer. 

 

 The continuous sterilizer carries out the sterilization process in a heating cabin operating with steam at 

atmospheric pressure as a continuous process [6]. Process steam at a pressure of 4 bar abs is reduced in pressure 

and admitted into the heating cabin. The fruit bunches are split using a mechanical splitter machine before it is 

transported by scraper conveyor within the heating cabin to expose the material to steam at atmospheric 

pressure. The splitting of the fruit bunches facilitates steam penetration into inner layers of the fruit bunch. The 

continuous sterilizer was introduced as an alternative to pressure vessels and batch process of sterilization and 

offer advantage in terms of use of unpressurised heating cabin and steady steam demand for the sterilization 

process. A plus point is that avoiding fluctuations in the steam flow to the sterilization process provides a 

considerable advantage in maintaining overall process steam pressures and temperatures in the mill. However, 

the continuous sterilizer suffers a significant disadvantage in terms of high steam consumption [1]. There are 

three steps under continuous sterilizer which are FFB conditioning, FFB sterilization, and post cooking [2]. 

 

Methodology: 

 This study was conducted in five selected palm oil mills in peninsular Malaysia namely Felcra Nasaruddin, 

Felcra Processing and Engineering, Felda Serting Hilir, Felda Trolak and Felda Sungai Tengi. The five mills 

were chosen since the sterilizer used were different to cook FFB. In Felcra Nasaruddin and Felda Sungai Tengi 

both mills were using conventional horizontal with single and double door respectively. Meanwhile, Felcra 

Processing and Engineering use Vertical sterilizer to cook FFB. In Felda Serting Hilir, they used Compact 

Modular Continuous (CMC) system and Continuous Sterilizer have been applied to Felda Trolak  

 The process of data collection begins with classifying work activities, the second steps was identifying 

hazards. In this steps, each sterilizer will be identified any possible hazards which include physical, chemical, 

biological, ergonomic, and psychosocial. These hazards will be sum to get total number of hazards for each mill. 

The next steps was to analyze the risk for each hazards, the risk was evaluated based on likelihood and severity 

(Table 2). The multiplication of likelihood and severity value equal to risk (Table 3) which can be further 

grouped into low, medium and high risk. This study was restricted to hazard identification and risk analysis 

only. The risk control steps, implementation and review are excluded from this research. The instruments used 

to identify hazards and assess the risk was HIRARC guidelines published by Malaysian Department of 

Occupational Safety and Health. Besides, secondary data such as accident records and chemical list were obtain 

from the palm oil mills management.  

 
Table 2: Likelihood and Severity of Hazards. 

Likelihood of Occurrence 

 

Severity of Hazard 

Likelihood(L) Example Rating Severity (S) Example Rating 

Most likely 
The most likely result of the hazard/ 

event being realized 
5 Catastrophic 

Numerous fatalities, 

irrecoverable property 

damage and productivity 

5 

Possible 
Has a good chance of occurring and 

is not unusual 
4 Fatal 

Approximately one single 

fatality and major property 

damage if hazard is 
realized 

4 

Conceivable 
Might be occur at sometimes in 

future 
3 Serious 

Non-fatal injury, 

permanent disability 
3 

Remote 
Has not been known to occur after 

many years 
2 Minor 

Disabling but not 
permanent injury 

2 

Inconceivable 
Is practically impossible and has 

never occurred 
1 Negligible 

Minor abrasions, bruises, 

cuts, first aid type injury 
1 
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Table 3: Risk rating. 

 
Severity(S) 

   
Likelihood(L) 1 2 3 4 5 

   
5 5 10 15 20 25 

 
High 15 to 25 

4 4 8 12 16 20 
 

Medium 5 to 12 

3 3 6 9 12 15 
 

Low 1 to 4 

2 2 4 6 8 10 
   

1 1 2 3 4 5 
   

 

 
 

Fig. 5: Flowchart of HIRARC Process. 

 

Results: 

 
 

Fig. 6: Percentages of Hazards between Sterilizers. 

 

 
 

Fig. 7: Percentages of low, medium and high risk categories between sterilizer. 

 

Discussion: 

 The highest percentage of hazards were recorded for Felda Sungai Tengi, and the second highest was Felcra 

Nasaruddin. This can be due to the facts that both sterilizer use horizontal technology which posed greater 

impacts towards the workers safety and health. Some of their work activities require them to perform the works 

manually such as closing and open the sterilizer door, install and uninstall chain from cages, working in 

confined space, and replace packing of sterilizer door . The difference between the two mills are not much 

difference, the sterilizer in Felda Sungai Tengi used two door system while in Felcra Nasaruddin had single door 

only. In term of work space, Felda Sungai Tengi area was a bit narrow than in Felcra Nasaruddin. Previous 

cases of explosion in 1996, had killed three workers and a number of others were injured when a high-pressure 

vessel containing air and water ruptured [9]. 
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 The vertical sterilizer technology was the third highest, it reduces the manual handling of worker directly 

with the pressured vessel. The system does not used cages but using conveyor to transfer fruit from loading 

ramp to sterilizer, thus it already solves some ergonomic issues that faced by workers including pulling stuck 

FFB from gates. The introduction of these technology reduces labor and transportation cost since no prime 

movers and capstans are needed. But from safety aspect, it prevent worker from being hit or struck by vehicles, 

falling objects (crane lifting cages), and flying objects (wire rope to pulled cages). Prime movers such as bobcat 

and caterpillar were two common vehicles used at sterilizer stations using old horizontal sterilizer. Workers who 

works at vertical sterilizer were exposed to physical hazard of working at high and possibility of falling. The 

stairs to platform was narrow at some point and unrolled wire at the stair raise the risk of trip. 

 Felda Serting Hilir was the fourth highest percentage of hazards, the use of compact modular continuous 

(CMC) system enable workers to monitor the cooking process of FFB from top platform. Despite of it keep 

workers at safe distance from sterilizer but the workers were working at high position. The stairs itself was very 

steep and narrow, there are a lot of piping nearby and close to the stairs. The employees have potential to hit the 

steam pipe which was very hot. 

 Continuous sterilizer get the lowest percentages of hazards since it is probably has least human contact with 

the machine. The CS itself is not a pressure vessel but it only inject low pressure steam into rectangular cabin. 

The CS was totally a different system compared to the other sterilizer discussed previously. Although it records 

the lowest percentages of hazards but the workers were still have potential to accidentally come into contact 

with the steam pipe. At certain time, the workers need to correct the stuck FFB in the sterilizer chute which an 

ergonomic hazard to the workers. 

 In term of risk, all the sterilizer shows a similar pattern in which low risk was the highest, followed by 

medium risk and high risk. Majority of the risks were low risk since many of the hazards had been controlled by 

several approaches involving. For instance, standard operating procedure, signage, personal protective 

equipment implemented were able to minimize the risk from endangering the workers. Most of the approach 

used were administrative control which include training, supervision, signage, medical surveillance. 

 The presence of high risk categories for Felcra Nasaruddin and Felda Sungai Tengi were due to risk of 

explosions from conventional technology. In most incidents or accidents, potential health and safety hazards are 

due to pressure vessel which failed or is operating improperly [6]. Cracked and damaged to sterilizer can result 

in leakage or rupture failures. Potential health and safety hazards of leaking vessels include poisonings, 

suffocations, fires, and explosion hazards. Rupture failures can be much more catastrophic and can cause 

considerable damage to life and property. The safe design, installation, operation, and maintenance of pressure 

vessels in accordance with the appropriate codes and standards are essential to worker safety and health [8]. 

 

Conclusions: 

 Horizontal sterilizer (HS) has the highest percentages of hazards followed by vertical (VS), compact 

modular continuous (CMC) and last but not least continuous sterilizer (CS). Majority of the risk of hazards in 

sterilizer falls into low risk categories and second was medium risk, while high risk has the lowest percentages. 
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